The antiviral factor (AVF) from virus-infected plants, purified on polyacrylamide gels, could be labelled with radioactive phosphorus and its activity could be eluted from the gels. The radioactivity and the antiviral activity were co-purified and thus co-electropboresed; hence, the previously reported radioactive zone (Antignus, Sela & Harpaz, 1975) can be regarded as AVF. The production of AVF requires both the presence of the N-gene in the plant as well as virus infection. AVF production is inhibited by actinomycin D, but its activity is not affected by this drug. AVF production is correlated in time with the development of virus resistance in a local-lesion host. AVF inhibits TMV multiplication in infected leaves and suppresses virus synthesis almost totally in a local-lesion host. Some AVF is also produced when Nicotiana glutinosa L. is infected with a non-localized virus, but to a much lesser extent and at a later stage of infection. The production of AVF in N. glutinosa is not blocked at 30 o C, even though TMV is no longer localized at this temperature.
INTRODUCTION
Acquired resistance in plants toward virus infection is well documented (for review see Loebenstein, i972 ). The search for a possible agent(s) responsible for the development of the above-mentioned resistance led to the discovery and isolation of an antiviral factor from virus-infected plants which was termed AVF (Sela & Applebaum, 1962; Sela, Harpaz & Birk, i964) . AVF is produced only in virus-infected plants and inhibks TMV infection.
The purified AVF meets two important criteria, namely inhibition of TMV infection and specificity to virus-infected tissue. However, some of the properties reported for the crude AVF preparations are no longer true for the purified ones. For example, antiviral activity was found in crude AVF preparations from every tested virus-infected plant, while the purified AVF is closely associated with N-gene-carrying, virus-localizing plants (Antignus et al. I975 ; also elaborated below). Apparently, in the course of purification, one of several factors present in the crude preparations has been selected out.
A number of other non-structural protein species were reported to develop in plants which carry the N-gene, following either virus infection or treatment with polyanions (Van Loon & Van Kammen, 197o; Gianinazzi & Kassanis, 1974) . No activity, however, could be attributed to the above-mentioned proteins, and most of them appear only late in infection.
The various proteins developing in different Nicotiana species which carry the N-gene were not identical (Van Loon & Van Kammen, 197o) . * To whom correspondence should be addressed.
Since it became possible to trace AVF production and integrity by means of radioactive labelling as well as monitoring of antiviral activity, we attempted to verify its association with the N-gene of Nieotiana spp., to elucidate some biological properties and to examine the possibility of its association with the process of virus localization.
METHODS
Crude A VF was prepared from TMV-infected N. glutinosa leaves. Young plants with 4 to 6 expanded leaves were inoculated with o.I mg/ml of TMV by gently rubbing the whole upper surface of each leaf. Forty-eight h after inoculation, necrotic lesions (50 to I5o/leaf) became visible, but were still small and not yet developed to their full size. At this stage leaves were harvested, homogenized and treated with hydrated calcium phosphate as described by Antignus et al. (I975) ; the supernatant fluid was dialysed, lyophilized and designated 'crude AVF'. Twenty mg of crude AVF, or control material prepared similarly from non-infected plants, was applied to a small column (0.6 × 6 cm) of DEAE-cellulose, equilibrated with o.oi M-sodium phosphate, pH 7"6. The column was then washed in successive IO ml portions of (I) the above buffer, (2) 0"3o M-NaC1 in the above buffer, and (3) 0"65 M-NaC1 in the above buffer. The 0"65 M-NaC1 wash was collected, dialysed against water and lyophilized to give about 2 mg of DEAE-eluted AVF or its control preparation.
Labelling A VF with radioactive phosphorus was done as described before (Antignus et al. 1975) . AVF was electrophoresed on Io ~o polyacrylamide gels (o.6 × 6 cm) in the following buffer system: 5o mM-tris-phosphate, I mM-EDTA, o.2 ~ SDS, pH 7.8. Electrophoresis was performed for 9o rain at 5 mA/gel. AVF activity was tested as follows: AVF and control preparations 0o#g/ml unless otherwise specified) were made I to 5/~g/ml with TMV (depending on the age of the inoculated leaves)and eacb applie~l to 6 to ~z opposite half-leaves of Datura stramonhtm L. When activity in gel slices was tested, groups of 3 undisrupted slices (2 mm each) were immersed overnight in 1 ml of o'65 M-NaC1 in the above phosphate buffer. Gel debris was sedimented and the supernatant fluid was dialysed against NaCl-free phosphate buffer before applying to the test plants. Eluants of gelfractions of control preparations which had been similarly electrophoresed were applied to the opposite half-leaves. It should be noted, however, that at this stage none of the control fractions inhibited infection by TMV. The differences between the number of lesions on opposite half-leaves were analysed by the t-test for related samples, and significance of the data reported here was more than ~ ~.
Actinomycin D (Act D), 2o/~g/plant, was applied through the roots of young (4-leaf) N. glutinosa plants, each placed in a separate vial in a humid chamber, under constant illumination, until all the Act D was taken up. When working at 3o °C, N. glutinosa plants were kept and inoculated in a growth chamber, but a control plant was always moved back to 22 °C two days after inoculation, to ensure that localization had been broken down.
The kinetics of TMV biosynthesis were followed by inoculating the third and fourth leaves of a 6-leaf tobacco plant with o'z5 mg/ml of TMV-RNA. Fifteen min or z h later the leaves were removed from the plants and placed in vials, their petioles dipping in either DEAEeluted AVF or the control preparation. Each vial held 5 leaves and contained 5 ml of I mg/ml AVF or control material in o.oI M-phosphate buffer, pH 7"6. The vials were placed in a humid chamber at 24 °C under constant illumination. At various times after inoculation, leaf discs (8 mm diam., Io discs at a time) were removed with a cork-borer, homogenized in 2 ml of the phosphate buffer and the extracts were applied to half-leaves of D. stramonium. Each pair of extracts were inoculated to opposite halves of the same leaves. 
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Io9 RESULTS
A VF activity is" linked to the N-gene of Nicotiana species
We have previously shown that the phosphorus-containing fraction in AVF preparations was specific only to Nicotiana varieties which carry the N-gene (Antignus et al. 1975 ). We made the same kind of experiment, this time testing also the antiviral activity. DEAE-eluted AVF was prepared and further electrophoresed on SDS-polyacrylamide gels. The gels were sliced and the distributions of radioactivity and antiviral activity were determined. Fig. I shows the distribution of the antiviral activity and the radioactivity pattern superimposed, thus establishing that the radioactive zone contained AVF. Moreover, AVF could be detected in N. glutinosa and N. tabacum ' Samsun NN', but not in tobacco ' Samsun', which lacks the N-gene. 
Effects of AMD on A VF
To test the efficiency of Act D treatment, tobacco and N. glutinosa plants were treated with Act D as described above, their RNA was labelled with a4C-uridine, extracted and analysed on sucrose gradients (S/inger & Knight, I963). Over 8o ~ of RNA synthesis was blocked under these conditions.
The total uptake of phosphate by N. glutinosa, treated and untreated with Act D was determined by measuring a sample of plant homogenate in a gas-flow counter, and was found to be similar for non-treated and Act D-treated plants (,,~ 2 x Ios ct/min/plant).
Plants of N. gIutinosa were treated with Act D, inoculated with TMV and labelled with 32P-orthophosphate. DEAE-eluted AVF from these plants was electrophoresed as described above. The production of AVF as detected by both radioactivity and antiviral activity was greatly inhibited (Fig. 2) . On the other hand, AVF preparations retained their antiviral activity when applied to test plants (tobacco 'Samsun NN' and D. stramonium) which had been pre-treated with Act D (Table I) . Hence, Act D affects the production of AVF but not its activity, which presumably does not require transcriptional processes on the part of the host plant in order to trigger the production of yet another agent.
Inhibition of TMV multiplication by A VF
The following studies were made to find out whether AVF inhibits TMV biosynthesis and to get some idea at what stage TMV synthesis is being blocked by AVF. The following were considered as possible targets for AVF activity: the infecting virus particles, the process of uncoating, another event associated with the initiation of infection that takes place soon after inoculation (adsorption, penetration, etc)., or a later event of TMV replication. TMV particles are not affected by AVF; they could be separated unharmed from a mixture of AVF and TMV (Table z) . A mixture containing 5 mg of DEAE-eluted AVF and 5 mg of TMV in I ml of o-o r M-phosphate buffer was passed through a column of Sephadex G-75 (I x 7o cm) and the infectivity of the TMV in the excluded fraction was compared with that of untreated TMV and with AVF-TMV mixtures on leaves of D. stramonium. All TMV inocula were diluted to the range where lesion numbers are linearly related to virus concentration.
It is also apparent that AVF does not affect the process of uncoating, since AVF activity could be observed also when applied with TMV-RNA (Table 3) .
In the following series of experiments, tobacco leaves were inoculated with TMV-RNA and treated with DEAE-eluted AVF and the control preparation. Leaf-discs were removed at various times, and the kinetics of TMV biosynthesis was followed as detailed above.
As shown in Fig. 3(a) , TMV synthesis in AVF-treated 'Samsun' leaves was totally inhibited for about 48 h, after which TMV multiplication resumed. If, however, AVF and control preparations were replaced at 48 h with fresh ones, TMV biosynthesis was totally inhibited until about 60 h, and even though some virus multiplication resumed at this time, TMV synthesis remained suppressed at the last sampling time (Fig. 3 b) . A similar inhibition was also observed when leaves were placed in AVF 2 h after TMV inoculation (Fig. 3 c) , indicating that the event which is sensitive to AVF is not one occurring in the initiation of TMV infection. Fig. 3 . Kinetics of TMV biosynthesis in leaf-discs following inoculation with TMV-RNA. Petioles were dipped in either DEAE-eluted AVF or control solutions. At the specified times, leaf-discs were removed and their infectivity determined. The detailed procedure is described in the text. (a) TMV infectivity in leaf-discs of tobacco 'Samsun' treated with AVF or control preparation 15 min after inoculation. (b) As in (a) but AVF and control solutions were replaced with fresh solutions at 48 h. Otsuki, Shimomura & Takebe (1972) reported that the inhibition of TMV biosynthesis in a localizing host takes place between 24 anJ 48 h after inoculation. Essentially the same kinetics were observed by us (Fig. 3d) . In this time-range, most of the AVF is also being synthesized (Fig. 4) , showing a good correlation with the suppression of TMV synthesis in a localizing host.
Suppression of TMV-synthesis and production of A VF in localizing combinations
When leaves of tobacco 'Samsun NN' (instead of 'Samsun') were inoculated with TMV-RNA, treated with AVF, and virus multiplication followed by the Ieaf-disc method, TMV multiplication was practically totally suppressed (Fig. 3 d) . In this virus-localizing tobacco variety a certain suppression of TMV multiplication is inherent and the inhibition by AVF is additional to this. This suppression is also expressed visually; while the control leaves developed over a hundred local lesions per leaf, only occasional lesions appeared on the AVF-treated leaves (about 3 lesions/leaf on average). 
A VFproduction under non-localizing conditions
Because the synthesis of AVF was found to be dependent on the presence of the N-gene in TMV-infected plants, it was of interest to find out whether AVF would be produced in such plants when infected with a non-localized virus such as alfalfa mosaic virus (AMV) which spreads systemically in N. glutinosa. 32P-labelled AVF was prepared from AMVinfected N. glutinosa leaves and analysed on gels. Indeed, in this non-localizing combination, only very little AVF was produced and it was only detected after 48 h (Fig. 5) -The level of AVF remained low even at 96 h when systemic symptoms started to appear. Hence it seems that the association of AVF with virus localization is of a quantitative nature, namely, the rate of AVF production in relation to the rate of virus synthesis.
TMV localization ceases at 30 °C but, as demonstrated in Fig. 6 , AVF production was not inhibited at this temperature. However, if indeed virus localization depends on a certain quantitative balance between AVF and virus biosynthesis, it could be argued that the breakdown of virus localization at 30 °C is due to accelerated virus production rather than to reduced rate of AVF synthesis. To provide some experimental test of this argument, we inoculated N. glutinosa leaves with increasing concentrations of TMV at 22 °C. We noted that in a number of plants, besides the usual local lesions, necrosis had developed in the petiole, moving slowly to the stem, then up to the epex and finally killing the plant. Inocula taken from these necrotic areas and re-inoculated to N. glutinosa leaves gave rise only to the usual local lesions. This slow spread of TMV was concentration-dependent: few examples were observed below Io #g/ml of TMV, but TMV spreaa out of the inoculated leaf in every plant that was inoculated with more than 3o/~g/ml of TMV (Fig. 7) . The production of AVF, however, remained constant even in leaves which had been inoculated with up to 200/~g/ml of TMV. 
II5
DISCUSSION
This paper describes some properties concerning AVF production and activity. Because antiviral activity and the radioactive pattern of AVF, as well as TMV localization, are associated with the N-gene of Nicotiana, attention was focused on the possibility that AVF might play some role in the process of virus localization. The present communication reports good correlations of AVF production with some properties associated with virus localization.
Virus localization depends also on the virus genome, which can be artificially mutated to demonstrate a 'local lesion gene ' (Kado & Knight, 1968; mutant Ni II8 mentioned by Jockusch, 1966) . It seems that localization of virus infection is not an 'all or nothing' phenomenon, but rather depends on a certain interplay between the genomes of the host and the virus. The evidence presented in this paper is supported by the findings of Jockusch (1966) , who demonstrated the role of the host-gene multiplicity in preserving virus localization, and by the grafting experiments of Weintraub, Kemp & Ragetli (I 96I), which suggest that localization is broken down if virus concentration is high enough. In addition, we applied an experimental antiviral drug to N. glutinosa, after which TMV-localization was not broken down at elevated temperatures, indicating that suppression of TMV synthesis can also preserve its localized state (unpublished data).
If the suppression of virus multiplication is an indication of localization, then the expression of this process in the form of local lesions is a secondary, and not always a necessary phenomenon. AVF, for instance, does not induce the formation of lesions in TMV-infected ' Samsun' leaves, even though it suppresses TMV synthesis to about its level in a localizing host.
It 
